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Abstract: Argumentation has an important role in science education. One of the aims of science education is to 
develop argumentation skills as a basis for building scientific characterization. The role of argumentation in science education 
is one of the research topics that has received a lot of attention from academics. The purpose of this study was to analyze the 
research trend of argumentation in science education from 2015-2023. The research method used preferred reporting items 
for systematic reviews and meta-analyses and network meta-analyses, or PRISMA for short, which consists of identification, 
screening, eligibility, and inclusion. The articles analyzed were obtained using the publish or perish search engine from Scopus 
and Google Scholar, as many as 340 articles from a total search of 1013 articles. The analysis was conducted using content 
analysis and bibliometric using VOSviewer, which was reviewed based on network visualization, overlay visualization, and density 
visualization. The results were analyzed based on country of origin, research area, research method, research subject, research 
instrument, learning intervention, and argumentation type. The conclusion of this study shows that argumentation skills are one 
of the important topics in research that are linked with several other variables in science education and have received attention 
from researchers in recent years. Recommendations for future argumentation research should identify the characteristics of 
argumentation types and their relationship with teaching materials, learning models, and assessments in science education. 
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Introduction 


Argumentation is one of the important elements in science education (Lazarou et al., 2016; Osborne 
et al., 2016; Wang and Buck, 2016) that should be taught in science classes as part of scientific literacy 
(Erduran et al., 2015), making it one of the core competencies of every school worldwide (Henderson et 
al., 2018). Education reform has encouraged every school to focus on practical science through scientific 
endeavors (McNeill, Gonzalez-Howard, et al., 2016). Students should be engaged in both theoretical and 
practical science so that they are able to apply science knowledge in new situations (McNeill, Gonzalez- 
Howard, et al., 2016). Science education seeks to develop scientific skills to prepare a generation capable 
of dealing with complex real-life issues. Therefore, it requires an important role of the teacher as a facilita- 
tor to develop students’ argumentation (Kilinc et al., 2017). Teachers have an important role in applying 
argumentation in learning so that the main objectives of learning are achieved (McNeill, Katsh-Singer, et 
al., 2016). In addition, teachers have an essential role in implementing a dialectical learning process ac- 
cording to the nature of education (Simonovic, 2021). 

The ability to argue based on scientific facts is needed to develop the ability to communicate 
scientifically. Scientific argumentation skills emphasize the importance of students’ social and epistemic 
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interactions to develop and critique knowledge (Grooms et al., 2018). Several studies on scientific ar- 
gumentation show that the topic of argumentation has a central role in science education research. The 
development of science education research trends over the years has undergone a significant shift. Re- 
search trends related to context in science learning have increased compared to other research topics in 
science education (Lee et al., 2009; T.-C. Lin et al., 2014; T.-J. Lin et al., 2019). 21st-century skills have 
fueled several research topics that develop individuals’ ability to solve real-life problems. Argumentation 
skills, as an important part of science education, have become one of the research topics of great interest 
to academics. 

The curriculum influences Science learning starting from the availability of teaching materials and 
the way teachers plan the learning process (McNeill et al., 2017). 21st-century skills have encouraged 
learning that is able to develop higher-order thinking skills and argumentation skills in science learning 
(Putri et al., 2021). Understanding the material and improving individual scientific skills are needed to deal 
with the complexity of real problems that will be faced. Argumentation skills play a role in science learning, 
improving conceptual understanding, developing critical thinking skills, and encouraging inquiry (Faize et 
al., 2018). The evolution of research trends in science education has shifted from conceptual understand- 
ing to individual scientific skills that are contextualized. 

The development of the times, accompanied by various global problems, whether environmental or 
humanitarian issues, has demanded the development of higher-order thinking skills. High-level thinking 
skills can be encouraged through argumentation methods both in learning and in daily life(Cankaya and 
Aydogan, 2022). Argumentation skills are one of the skills needed to deal with various complex problems. 
Science education has an important task in creating learning experiences that will develop argumentation 
skills so that individuals are able to face various problems that exist. Therefore, it is important for future 
generations to develop argumentation skills as part of the goals of science education. 

Along with the development of technology, research trends can be carried out more optimally by 
using the Publish or Perish search application (Dewi et al., 2021; Muhammad et al., 2022) and applica- 
tions to visualize bibliometric data using VOSviewer (Abdullah, 2022; Arruda et al., 2022; Cheng et al., 
2021; Dede and Ozdemir, 2022; Nordin, 2022; Ubaidillah et al., 2023). Arqumentation research trends will 
provide an overview for academics to determine the direction of further research has been done by (Er- 
duran et al., 2015). Bibliometric ally analyzed research trends will provide an overview of argumentation 
trends as well as an overview of argumentation research areas that are of much concern to researchers. 
In addition, researchers will also be able to find gaps in some areas of argumentation research that are 
still not widely researched. 

Research on the development of argumentation in science education has been conducted by sev- 
eral researchers before. Argumentation research has gained attention in science education, especially 
in terms of cognitive processes, communicative competence, critical thinking, and the development of 
reasoning skills (Erduran et al., 2015). Argumentation research in science education was identified by 
T.-J. Lin et al., 2019 placed articles on argumentation into the top 10 most cited articles from 1998-2017 
based on articles from three top journals, namely Science Education, International Journal of Science 
Education, and Journal of Research in Science Teaching. Furthermore, Erduran et al. (2015) researched 
argumentation research trends from three top journals, namely Science Education, International Journal 
of Science Education, and Journal of Research in Science Teaching from 1998-2014, regarding aspects 
of argumentation in science education. Admoko et al. (2021) showed the development of argumentation 
research in science education from theoretical and philosophical to practical based on articles from the 
Scopus database from 2010 to 2020. Although there has been a lot of research on argumentation in sci- 
ence education, there are still some uncharted areas in which to understand the application of argumenta- 
tion in science education. 

Based on the explanation of the development of argumentation research in science education that 
has been carried out above, it is necessary to conduct further research to enrich the existing information. 
The sources of articles analyzed are not only from the top journals from Scopus but are expanded from 
the database from Google Scholar. In addition, the contribution of this research will enrich information 
about argumentation research, which is focused not only on aspects of argumentation but also on the 
number of scientific publications, country of origin, type of publication, area of science, research subjects, 
research methods used, types of research instruments, types and elements of argumentation and visuali- 
zation of argumentation research trends based on bibliometric analysis. 
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Therefore, the aim of this study was to investigate the research trends on argumentation in science 
education between 2015-2023. The research focused on several aspects, namely the number of scientific 
publications, country of origin, type of publication, area of science, research subjects, research methods 
used, types of research instruments, types and elements of argumentation, and visualization of argumen- 
tation research trends based on analysis using VOSviewer. 


Materials and methods 


The research method used is a systematic review through bibliometrics to see research trends 
(Silber-Varod et al., 2019) to obtain information from the complete research results as a basis for decision- 
making (Higgins et al., 2019). Systematic review research using two computer application aids, namely 
Publish or Perish, to search for articles and VOSviewer, to visualize the data obtained. 

Data sources were obtained through the Scopus and Google Scholar databases on PoP from 
2015 to 2023 in September. The search used the keywords “journal,” “argumentation,” AND “science 
education.” The total number of articles obtained was 1013, derived from the Scopus database 112 and 
the Google Scholar database 901 articles. Article analysis was carried out after all articles obtained were 
selected using a list of inclusion and exclusion lists (Chalkiadaki, 2018; Ilma et al., 2023; Suwandi et al., 
2023). 


Table 1. /nclusion and exclusion criteria. 


Type of Criteria Inclusion Exclusion 

Type of publication Journals and conferences Book, dissertation, other 

Year of publication 2015-2023 Less than 2015 

Data source Scopus and google scholar Other than Scopus and google scholar 

Area Natural science, chemistry, physics & biology Cui ide haliraliseiance Chemisty, PUySis 
& biology 

Elementary, junior high, high school students, 

Rescate university students & teachers ant 

Research method Empirical, position, theory, review, other Other 

Research instrument Test, non-test and both Other 

Type of argumentation Argument-specific epistemic, general epistemic Other 


& linguistic 


Researchers use systematic review research stages, namely Preferred Reporting Items for Sys- 
tematic reviews and Meta-Analyses and network meta-analyses, abbreviated as PRISMA (Moher et al., 
2009; Rodrigues-Silva and Alsina, 2023; van Laar et al., 2020), which includes four stages, namely Iden- 
tification, Screening, Eligibility and Included. The identification stage begins with a search for articles that 
will be analyzed using PoP. The screening stage is carried out to select articles that are duplicated or 
inaccessible. The eligibility stage uses inclusion and exclusion criteria based on the criteria in Table 1. The 
included stage is the final stage, which analyses the articles that have been selected. Bibliometric data 
analysis using the VOSviewer application to visualize all information from the research articles obtained 
was analyzed in three aspects, namely network visualization, overlay visualization, and density visualiza- 
tion. 
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Total number of articles 
collected from the Identification Article analysed 340 
stage 1013 


Minus inaccessible articles and 
duplicated articles 157 


© Screening 


Eligibility 


Identification 


Literature Source Outcome data minus 
o Google Scholar 901 Screening stage 856 
o Scopus 112 


Data minus inclusion and 
Total articles 1013 exclusion 516 


Figure 1: Stages of the PRISMA model. 


Results 


The results of the analysis of scientific publications on argumentation research trends in science 
education were identified based on the number of scientific publications, country of origin, type of publica- 
tion, area of science, research methods used, research subjects, type of instrument used, and type of 
argumentation. Analysis using VOSviewer focused on three types of analysis, namely network visualiza- 
tion, overlay visualization, and density visualization. 


60 


49 
50 AT 45 


Number of artcles 
Ss 


20 


2015 2016 2017 2018 2019 2020 2021 2022 2023 
Years 


Figure 2. Scientific publications on the topic of argumentation in science learning analyzed from 2015-2023 by 
number of articles. 


Based on Figure 2, the number of articles published between 2015-2023 experienced fluctuations 


in the number of articles published. The number of published articles has increased from 2015 to 2017 
and peaked in 2019 but has decreased in recent years. 
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Figure 3. Scientific publications on the topic of argumentation in science learning analyzed from 2015-2023 by 
country of origin. 


The number of scientific articles based on the country of origin is mostly from Indonesia, Turkey, 
and the United States, as can be seen in Figure 3. However, the number of scientific publications origi- 
nating from Indonesia is mostly from conferences. The number of scientific publications in the form of 
journals dominates more than in the form of proceedings. 
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Figure 4. Scientific publications on the topic of argumentation in science learning analyzed from 2015-2023 by 
publication type. 


The most research on argumentation in science education by area of science, based on Figure 5. 
is in natural science compared to biology, physics, and chemistry. Research on argumentation in biology, 
chemistry, and physics is still uneven when compared to research in natural science. 
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Figure 5. Scientific publications on the topic of argumentation in science learning analyzed from 2015-2023 by 
area of science. 


The research subjects in argumentation research in science education are still based on Figure 6. 
Most of them are university students. The least research subjects are elementary school students. These 
data show that research on argumentation must still be improved on other research subjects so that it will 
provide complete information about the war of argumentation in education. 
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Figure 6. Scientific publications on the topic of argumentation in science learning analyzed from 2015-2023 by 
research subject. 


The type of research conducted in argumentation research is mostly carried out in the empirical 
type, while other types of research are very different, as can be seen in Figure 7. Empirical research is a 
type of research that includes qualitative and quantitative approaches. Based on Figure 8, the most com- 
mon types of empirical research are case study research and experimental research, as well as descrip- 
tive research. Grounded theory and exploratory research are the least used research. 
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Figure 7. Scientific publications on the topic of argumentation in science learning analyzed from 2015-2023 by 
type of research. 
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Figure 8. Scientific publications on the topic of argumentation in science learning analyzed from 2015-2023 based 
on type of empirical research. 


The most widely used research instrument in argumentation research, based on Figure 9, is the 
non-test type, followed by the test form and a combination of both. The test type used as a research instru- 
ment is a form of description or multiple-choice test. The non-test type is a research instrument that uses 
rubrics, observation of activity sheets, and other tools. Researchers use a variety of research instruments 
to obtain complete information related to the research conducted. The use of appropriate research instru- 
ments will provide accurate information in a study. 
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Figure 9. Scientific publications on the topic of argumentation in science learning analysed from 2015-2023 by 
type of instrument test. 
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Figure 10. Scientific publications on the topic of argumentation in science learning analyzed from 2015-2023 by 
type of argument. 


Based on Figures 10 and 11, the types of arguments that can be identified in the analyzed articles 
are mostly special epistemic types. The specific epistemic type relates to the structure of the argument 
elements that can be identified in the analyzed articles. The broader epistemic type is an argument related 
to inquiry and explanation . The linguistic type is the type of argument that relates to dialogue, discussion, 
and negotiation. The elements in the argument structure based on Figure 11. are mostly claims, while the 
least are grounds. 
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Figure 11. Scientific publications on the topic of argumentation in science learning analyzed from 2015-2023 
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Figure 12. Network visualization of argumentation research in science education in 2015-2023. 


Based on Figure 12, the results of analysis based on Network visualization give us an idea of some 
topics that are widely cited and have a close relationship with other topics. In general, there are five major 
groups of topics that can be distinguished by color, namely green, red, yellow, blue, and purple. Argu- 
mentation skills have many connections with other topics, so we can determine if argumentation skills are 
popular in many research articles. 

The results of the analysis, based on overlay visualization Figure 13, show two main areas that are 
quite contrasting, namely yellow and dark blue. Argumentation skills can be described as a research topic 
that has been widely researched in recent years, indicated by the yellow or yellowish color. The difference 
between the two areas shows us that some of the tropics in the yellow-colored area mean that these top- 
ics are current topics. 
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Figure 13. Overlay visualization of argumentation research in science education in 2015-2023. 


Figure 14. Density visualization of argumentation research in science education in 2015-2023. 


In general, we can distinguish the analysis results based on Figure 14 from the colors. The yellow 
area shows that the term contained in that color has received a lot of attention from researchers, while the 
blue area shows the area that has received less attention from researchers. Researchers pay a lot of at- 
tention to argumentation research, including argumentation skills, abilities, models, discourse, reasoning, 
argumentation theory, and others. These results provide us with information regarding research gaps that 
we can develop in relation to current research trends. 


Discussions 


The study aimed to investigate argumentation research trends in science education. Research 
trends will provide an overview of the researchers’ research interests, approaches, and shared knowledge 
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(T.-C. Lin et al., 2014). Based on the data obtained, the research trend has increased from 2015-2023. 
However, the increase in the number of publications fluctuated, especially due to the ups and downs in 
the number of publications during this period. Scientific publication is one of the important tasks for re- 
searchers (T.-J. Lin et al., 2019) to disseminate the results of their research either in the form of journals 
Or proceedings. 

Several countries have contributed to argumentation research in science education, including Indo- 
nesia, Turkey, the USA, Taiwan, Colombia, and the People’s Republic of China, either in the form of jour- 
nals or proceedings. Argumentation research in science education has attracted researchers around the 
world in the last decade (Yilmaz et al., 2017). Science education research has been conducted through 
various learning environments that support argumentation skills (Erduran et al., 2015; Lazarou et al., 
2016). Argumentation has been researched at various levels of education and in various subjects to 
identify the role of argumentation in science learning. Students’ argumentation skills in science learning 
need to be supported by language skills to receive and understand information and express their learning 
(Gonzalez-Howard et al., 2017). 

The most argumentation research areas based on science fields are in the natural science area 
compared to the areas in chemistry, physics, and biology. This is due to the large number of studies 
conducted at the primary school to university level and teachers who focus their research on science 
subjects. Argumentation is one of the main areas of research in science education (Erduran et al., 2019). 
Based on the research subject, most arguments are made in universities. Universities are centers of edu- 
cational development and innovation, so it is natural that the trend of argumentation research is mostly 
carried out in universities. Argumentation skills are one of the main generic skills that must be possessed 
by a student studying in college (Kleemola et al., 2022). 

In general, the most widely used type of research is empirical research. Empirical research using 
either quantitative or qualitative approaches dominates all research to identify the role of argumentation 
in science education. Argumentation attracts a lot of researchers’ attention, especially in some cases the 
role of argumentation in learning is widely studied. In addition, teachers have an important role in creat- 
ing epistemologically rich and productive learning experiences to develop students’ skills (Sengul et al., 
2020). 

The use of various instruments in research is an effort to obtain more accurate and comprehensive 
information. The type of research instrument that is widely used is the non-test type. Assessment criteria 
using rubrics is one form of instrument that is widely used to measure the quality of argumentation skills, 
including in the research of Gonzalez-Howard et al. (2017), Chen et al. (2016), Short et al. (2020), and 
Ozcinar (2015). The development of appropriate rubrics to measure argumentation skills has been widely 
developed. Some assessment instruments refer to Toulmin’s theory of argumentation, although some of 
its basic elements have been developed. Argumentation assessment using research rubrics has devel- 
oped along with many studies on argumentation. 

Arguments can be categorized into three groups, namely epistemic specific argumentation, epis- 
temic general / broader, and linguistic (Erduran et al., 2015). The specific epistemic type of argument 
is the most identified aspect in research, especially related to the elements of argument. Research on 
argumentation has attracted many researchers to specifically examine the elements of argumentation in 
various fields of science and education. In particular, the most important element of argumentation is the 
claim argumentation element, followed by a rebuttal and a warrant. Argumentation refers to the process 
of making an argument (Namdar and Shen, 2016) which is one of the main objectives of science learning 
(Wang and Buck, 2016). Many researchers have examined argumentation, especially the argumentation 
structure based on Toulmin (Heng et al., 2015). The argumentation structure, according to Toulmin (2003), 
consists of claims, data, warrants, qualifiers, backing, and rebuttals. Claim, data, and warrant are the most 
widely used elements in Toulmin’s argumentation (Erduran, 2007; Moon et al., 2017). 

Science requires the construction of models or theories that can explain natural phenomena rather 
than just a set of facts (Pabuccu and Erduran, 2017). Argumentation is one of the important elements that 
must be developed in science learning to develop scientific literacy, critical thinking, reasoning, commu- 
nicative and metacognitive skills, and other supporting skills (Erduran et al., 2015; Lazarou et al., 2016). 
Teacher-student interactions in the classroom play an important role in promoting productive argumen- 
tation (Sandoval et al., 2019). Scientific argumentation is included by science teachers as one of their 
learning objectives. In addition, dialogic interaction between students in argumentation will improve the 
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argumentation ability of students who have different initial knowledge (Liu et al., 2019). Argumentation 
skills are fundamental to developing communication skills and building scientific explanations. The scien- 
tific argumentation learning approach has a great influence on students’ science process skills, which are 
the basis of scientific literacy (Gultepe and Kilic, 2015). 

Argumentation research trends in science education can provide evidence-based indicators of 
where more emphasis needs to be placed in future research on argumentation(Erduran et al., 2015). 
Argumentation in science learning will impact the understanding of scientific concepts (Heng et al., 2015). 
Information about argumentation research will provide an overview for researchers to find gaps in re- 
search topics related to argumentation. Argumentation research for both students and teachers is impor- 
tant to provide an overview for researchers or other educational practitioners to conduct research. 

Argumentation skills based on the results of analysis using VOSviewer have a close relationship 
with several other research topics. Argumentation research is still getting a lot of attention from research- 
ers, especially in recent years, and has become an objective in the curriculum in various countries (Yilmaz 
et al., 2017). Argumentation research will be one of the interesting research topics in the future, especially 
for science learning in relation to its relationship with scientific literacy and level thinking skills. Research- 
ers based on this information will get an idea of how to develop further argumentation research. 


Conclusions 


Based on the data obtained, it can be concluded that argumentation research in science education 
between 2015 and 2023 can provide important information about the application of argumentation that 
has been applied in science education, as well as certain variables of the application of argumentation 
that need further research in the future. Research on argumentation in science education has increased 
from year to year from various countries in the world, especially from Indonesia, Turkey, and the USA. 
Most scientific publications are in the form of journals compared to proceedings. Argumentation research 
is widely applied to various fields of science, especially natural science, with religious research subjects 
from primary education to higher education and science teachers. The type of research used is empirical, 
mainly in the form of case studies, experiments, and descriptive. In particular, the type of argumentation 
identified is more focused on epistemic specifically, namely related to the type of argument, especially 
referring to Toulmin’s argument structure. Based on the results of the analysis using VOSviewer, it can 
provide information that argumentation skills are an important topic in research that has a relationship with 
several other variables in science education and has received attention from researchers in recent years. 
The implications of the findings of this study provide information about the application of argumentation in 
science education, especially for researcher. 
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